Explaining the phase behaviour of the pharmaceutically relevant polymers poly(ethylene glycol) and poly(vinyl pyrrolidone) in semi-fluorinated liquids.
Phase behaviour studies of low molecular weight poly(ethylene glycol) (denoted PEG 600 and PEG 1000, corresponding to molecular weights of 600 and 1000 g mol(-1), respectively) have been carried out in 2H,3H-perfluoropentane (HPFP) with and without added poly(vinyl pyrrolidone). The concentration and temperature dependencies of their phase behaviour and the effect of moisture on these systems have been established. Furthermore, the solubility of PEG 600 in binary mixtures of HPFP and perfluoropentane (PFP), as well as HPFP and perfluorodecalin (PFD) have been considered at high HPFP contents. A phase separation phenomenon in fluorinated non-aqueous media is reported for the first time: PEG 600 and PEG 1000 both show a lower critical solution temperature type phase separation boundary. The size of the PEGs was obtained from small-angle neutron scattering (radius of gyration) and pulsed-gradient spin-echo NMR (hydrodynamic radius) measurements. It is shown that polymer conformation follows a regular trend with solution concentration; the size increases from <10 A at 3 wt% in HPFP to 45 +/- 2 A at 20 wt% PEG. On changing the solvent composition by substitution of HPFP by PFP or PFD, the size decreases, consistent with a decrease in the hydrogen-bonding capacity of the solvent mixture. Computer modelling indicates an interaction between the PEG oxygen and the hydrogen of HPFP, an interaction that is absent for the fully fluorinated solvents. This indicates that hydrogen bonding is the driving force for polymer solubility in these solvents.